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The constrained HF procedure

The constraints act as the external fields capable to deform the nucleus 
in different ways

The collective coordinates can be defined in a natural way by measuring
the deformations generated by the various constraints 

The constrained mean field theory defines the deformed          states
(BCS- or HFB-type) that solve the variational equation:

with the constraint conditions
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quadratic multipole constraints

The multipole constraints prescribe different kinds of deformation 
characterized by the set of parameters 
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is the many-body nuclear (non-relativistic) Hamiltonian Ĥ
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center-of-mass “projection” term
(in the VAP technique),

to eliminate spurious mode associated
with the broken translational symmetry

nuclear effective interaction term
(Skyrme, Gogne type forces)

To describe the fission process most “important” are the low-multipolarity 
mass moments, i.e.,
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“nuclear stretching”

“reflection-asymmetry”

“necking”
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Seniority pairing:
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In pairing (BCS) window N (or Z) s. p. states are taken,

 parameter is chosen to reproduce  for Fm.n p n pf

/ /

/

18.95 0.078 , 88

19.3 0.084 , 88

17.90 0.176 , 88

13.3 0.217 , 88

n p

n

p

n p n p

N Z Z
G A

N Z Z

N Z Z
G A

N Z Z

G f G

fn= 1.28,  fp= 1.11



-50 0 50 100 150 200 250 300 350

-1804

-1802

-1800

-1798

-1796

-1794

-1792

-1790

-1788

-1786

-1784

E
III

 

 

T
o

ta
l 
E

n
e

rg
y
 [
M

e
V

]

Q
20

 [b]

 680 (14)

 816 (15)

 969 (16)

 1000

 1140(17)

 1330(18)

 1540(19)

 1771(20)

reflection-symmetric path 240
Pu

E
A

E
II

E
B

Size of the basis

1140 s. p. states of deformed 3D h. o.



E.K. Hulet, et al., 

Phys. Rev. Lett. 56 (1986) 313,

Phys. Rev. C 40 (1989) 770

SYMMETRIC BIMODAL FISSION
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“triple-mod” fission

(sCF, sEF & aEF)
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